SUMMARY To assess determinants of left ventricular filling time at rest simultaneous phonocardiograms, M mode echocardiograms, and indirect carotid pulse traces were performed on 50 patients with atrial fibrillation. Thus the effect of random variation in RR interval in the absence of atrial contraction on the inter-relation between systolic and diastolic events could be seen. Left ventricular filling time was closely related to RR interval and affected by it to a much greater extent than ejection time, so that filling time became very short when heart rate was fast. Two mechanisms were, however, identified whereby filling time was preserved: (a) prolongation of filling during the preejection period of the following cycle, so that when the RR interval was less than 400 ms all of ventricular filling frequently occurred at this time; and (b) abbreviation of the QA2 interval of the succeeding beat with reduced filling, so that mitral valve opening occurred earlier. Changes in the duration of isovolumic contraction or relaxation time were not involved, neither could alteration in left ventricular contractile state resulting from variation in the interval between beats be shown to affect filling time at rest.
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The striking sensitivity of left ventricular filling time to rapid heart rate in atrial fibrillation suggests that it may be a major factor limiting cardiac performance. Diastolic as well as systolic events should, therefore, be taken into account when the effects of drugs or other physiological manoeuvres are studied in these patients.
The assessment of myocardial performance by measuring time intervals between events occurring in the cardiac cycle has a long history. In the midnineteenth century Marey first described the sphygmograph which enabled left ventricular ejection time to be derived from externally recorded Accepted for publication 10 November 1983 diseases have all been extensively studied.5 Nevertheless, interest in the time intervals of systole has not been balanced by a similar interest in those of diastole. In particular the diastolic counterpart of ejection time, the left ventricular filling period or "injection time," has received but scant attention, 6 2) . Correlation was significantly lower in patients whose mean cycle length was less than 600 ms (0-969+0.018) but approached unity when the mean cycle length was more than 1000 ms (0.998±0-001) The regression equation predicted that the mitral valve would fail to open (LVFT= 0) at RR intervals of less than 264±48 ms suggesting that, in atrial fibrillation at least, a minimum cycle length is necessary for ventricular filling to take place.
The time interval Q2 MCT increased to 84±+20 ms when the RR interval was less than 400 ms from 67+13 ms when RR was more than 1000 ms (Table  1) , although it changed little within the more physiological range of heart rates. Not surprisingly, Q2 MCT as a percentage of the filling time bore an inverse relation to cycle length (Fig. 3) , so much so that at RR intervals below 400 ms this ratio frequently exceeded 1000/o, with mitral valve opening occurring after the onset of the Q wave of the next beat (Fig. 4) . The importance of the Q2 MCT period becomes obvi- ous when it is considered that in all 1386 cycles analysed the mitral valve remained open until well after the onset of Q2 (Q of the following cycle), indicating that this "systolic" period is available for continued ventricular filling even in the absence of atrial contraction.
DIFFERENT DISEASE GROUPS
Correlation between ventricular filling time and RR interval in patients with different underlying disease entities did not seem to vary, except for a slight difference between patients with normal mitral valves and mitral valve prostheses. The slopes of the regression lines for filling time vs RR interval were again not significantly different between groups.
The same applies to the zero intercept-that is, the predicted RR interval at which the mitral valve failed to open. The only exception was a slightly longer value of RR interval for the group with mitral prostheses than for those with atrial fibrillation alone, which just reached statistical significance. This finding suggests that when inflow is impeded by the LEFT VENTRICULAR EJECTION TIME
In general left ventricular ejection time had a similar curvilinear relation to the preceding cycle length as QA2, but the range over which it varied was greater (mean 80 ms), and the transition point of the curve was reached at longer preceding RR intervals. An identical relation existed between ejection time and filling time of the preceding beat (Fig. Sa) . Again, as in the case of QA2, in patients with left ventricular inflow obstruction the transition point occurred at longer preceding cycle lengths than in patients in whom the mitral valve was normal (Fig. 5b) .
PRE-EJECTION PERIOD AND ISOVOLUMIC CONTRACTION TIME
The pre-ejection period varied over a range of about 50 ms in individual patients. It shared an inverse relation to the cycle length of the previous beat, in parallel to that of Q2 MCT which constitutes its first part. For the whole group its mean value decreased only from 126 to 107 ms over the range of measured RR intervals (Table 2) , a difference of less than 20 ms. On the other hand, isovolumic contraction time remained relatively constant at approximately 40 ms through the entire range of preceding RR intervals (Table 2) . Atrial fibrillation provides a unique opportunity for studying the complex interplay between left ventricular ejection and filling over a large number of randomly associated cycle lengths, free from the influence of other changes in physiological state. Our results show a highly significant relation between left ventricular filling time and cycle length, with correlation coefficients approaching unity. It is, of course, obvious intuitively that some such correlation must exist, since if RR intervals are indeed random or nearly so the onset of each succeeding systole will be virtually independent of preceding systolic events although having the potential to influence subsequent ones. Nevertheless, the magnitude of the correlation coefficients was unexpected, suggesting that the exact timing of both mitral valve opening and closure were highly non-random, and indeed both proved worthy of further study. Ventricular filling in a patient with atrial fibrillation ends with the onset of the succeeding ventricular systole. Nevertheless, we find considerable beat to beat variation in the exact time that it did so with respect to the onset of the QRS complex of the succeeding beat. When the RR interval was greater than 1000 ms the interval Q2 to mitral valve closure (Q2 MCT) was approximately 65 ms, but this increased to 85 ms or more when the RR interval was less than 400 ms. This additional period of ventricular filling is probably of little physiological importance when diastole is long, particularly as rapid filling is virtually complete by 100 ms after mitral valve opening.8 As the RR interval decreases, however, this late component of filling becomes progressively more important, and when ventricular rate is rapid all filling may occur after the onset of the Q wave of the succeeding beat (Fig. 4) . Indeed, when the RR interval was in the range 200-300 ms the time available for filling was less even than this, falling in some cases to as little as one half of this period. Such delay in mitral valve closure with respect to the onset of the succeeding QRS complex has several implications. It represents a mechanism by which filling time is preserved when RR interval is short. In addition, since electromechanical delay varies little under widely different physiological conditions9 delayed mitral valve closure also indicates that under suitable conditions left ventricular filling can continue at a time when mitral valve closure would normally have occurred owing to the development of left ventricular tension. The mechanism for this delayed closure is not clear. It might have reflected an increase in left atrial pressure, agreeing with previous observations of the interval Q to the onset of the first heart sound in mitral stenosis. I0 Its presence would also be compatible with the finding of an accentuation of the Cieslinski, Hui, Oldershaw, Gregoratos, Gibson amplitude of the mid-diastolic murmur of mitral stenosis in the early systolic period, particularly when the previous RR interval was short. A second factor may be the action of restoring forces responsible for the early phase of ventricular filling which imparts momentum to the blood, which in turn counteracts tension generated early in ventricular systole. Our results show this prolongation of filling to be a generalised phenomenon, independent of the aetiology of the heart disease, and suggest that it plays an important part in maintaining stroke volume when ventricular rate is rapid. Finally, its presence also indicates the difficulties that may arise in defining the phases of the cardiac cycle when ventricular filling, usually considered a diastolic event, occurs exclusively within the pre-ejection period, often described as a "systolic" time interval.-It was also possible to investigate factors determining the timing of mitral valve opening, itself dependent on the interval QA2, since isovolumic relaxation time remained virtually constant with the changing RR interval. Variation of the RR interval might be expected to influence QA2 in at least two ways. A long preceding RR interval, by prolonging filling time, might be expected to increase stroke volume and thus to prolong ejection time.'2 At the same time variation in RR interval alters the strength of a subsequent ventricular contraction, the Bowditch and Woodworth effects. '3 In atrial fibrillation in man prolongation of the RR interval immediately before the beat in question leads to an increase in the force of ventricular contractionl2 and thus in the absence of any other change to a reduction in QA2 interval.'4 '5 Although these effects might be expected to counterbalance one another, our own and previous resultsl6 strongly suggest that the effect on filling is considerably more important than any change in inotropic state. In the absence of mitral valve disease, reduction in the previous RR interval to values of 600 ms or less led to a concomitant fall in QA2 and ejection times, whereas variation at RR intervals greater than this value had little effect. This dependence on RR interval, and hence on filling time, is incompatible with the Bowditch or Woodworth effects, which operate over the entire range of RR intervals seen in clinical atrial fibrillation, '7 18 but is entirely explicable by the normal dynamics of left ventricular filling. Since the rapid filling period at rest is virtually complete (in the absence of inflow obstruction) within 100 Ms8 any further prolongation merely takes in the period of diastasis and so is unaccompanied by further increase in ventricular volume. This suggestion is confirmed by prolongation of the range of dependence on RR interval in patients with mitral stenosis, in whom rapid ventricular filling is lost with continuation of the volume increase into mid-diastole. Of the subdivi- 
